Abstract. Worldwide, the incidence of head and neck squamous cell carcinoma (HNSCC) is increasing. The development of an effective prevention program would provide a promising opportunity to control this disease. We applied the 'plating efficiency index' of Chinese hamster lung fibroblasts to demonstrate the presence of cytotoxic effects in saliva samples from cancer patients as well as from healthy probands. Correlations between individual risk factors and the cytotoxic effects of saliva specimens were analysed and evaluated. Saliva samples were obtained from male patients (n=43) with carcinomas of the upper aerodigestive tract, and from a healthy age-matched male control group (n=131) with different tobacco and alcohol consumption habits. The extraction of non-stimulated sober saliva was chosen for this investigation. In vitro cytotoxicity of the saliva was detected using the permanent mammalian cell line V79 (lung fibroblasts) of Chinese hamsters. The determination of the plating efficiency index was made in the logarithmic growth phase of the initial cell culture. A reduction in cell colonies (plating efficiency) of at least 50% was defined as strongly cytotoxic. A significant direct correlation was found between daily tobacco consumption and the reduction of plating efficiency (p<0.0001). We found only a moderate increase in the cytotoxicity of tested saliva samples in correlation with daily alcohol uptake. The difference between tumor patients and healthy probands was highly significant (χ 2 test; p=0.001). Using the method of logistic regression analysis, we found a 3.6-fold increased cancer risk in probands with cytotoxic saliva (p<0.001). According to our results, the plating efficiency index seems to be a suitable method for the detection of increased cancer risk. In combination with several effective biomarkers on cytogenetic end-points, it may help to establish biomonitoring programs for secondary cancer prevention.
Introduction
Primary cancers of the head and neck region have varying types of histology. Squamous cell carcinomas (SCCs) are among the most common malignancies of the upper aerodigestive tract (1) . The incidence of these tumors varies worldwide on the basis of changing 'lifestyle' factors (2, 3) such as chronic tobacco and alcohol consumption or changing exposure to environmental carcinogens. Despite multimodal therapies with often mutilating surgical procedures (especially in extended tumor stages), the prognosis for these tumors remains poor. Hence, the development of effective prevention programs would provide a promising opportunity to control this increasingly common disease.
In general, there are two different methods of disease prevention. First, and most effective, is the reduction of avoidable exogenous risk factors. The second involves the identification of people bearing individual increased cancer risk, which may help in the detection of early-stage carcinomas (4-7). Hopefully, this will be achieved in the future through the use of biomarkers showing biological effects, like permanent changes at the genetic end-point or different individual susceptibilities. With this in mind, we examined whether saliva may be used as a predictive indicator to measure the carcinogenic milieu of the upper aerodigestive tract. We applied the 'plating efficiency index' of Chinese hamster lung fibroblasts to assess the cytotoxic effects of saliva samples from healthy probands and cancer patients.
The cytotoxic effects of saliva may be affected by genetic factors (e.g. polymorphisms of enzymes) which are involved in the toxification and detoxification of different agents or metabolites. In particular, polymorphisms of the p450-system, glutathione-S-transferases and the alcohol-dehydrogenasesystem have been shown to influence carcinogenesis in the (8) (9) (10) (11) . Therefore, in this study the correlations between individual risk factors and the cytotoxic effects of saliva specimens were analysed in order to evaluate a potential new method in predictive oncology.
Materials and methods
Donors. Saliva samples were obtained from male patients (n=43) with carcinomas of the upper aerodigestive tract, and from a healthy age-matched male control group (n=131) with different tobacco and alcohol consumption habits. For population monitoring, each patient and each control group member completed a questionnaire detailing age, sex, medical history, smoking and drinking habits and other carcinogenic/mutagenic agents which could influence cancer progression (organic solvents, asbestos, petrol, heavy metals, dusts in general, radiation) (12) . The study design was approved by the Ethics Commission of the medical department of the Martin Luther University Halle-Wittenberg. The ethical standards of the Declaration of Helsinki were observed.
Extraction of saliva specimens. The extraction of nonstimulated sober saliva was chosen for this investigation. In order to exclude local toxic effects, the study participants were instructed to not eat, smoke or drink for 12 h before the sampling of the specimen (normal dental care was, however, maintained). Due to strong biological contamination, the specimens were filtered through a 0.2 μm polycarbonate filter and stored at -20˚C.
Assessment of cytotoxicity.
The in vitro cytotoxicity of the saliva was detected using the permanent mammalian cell line V79 (lung fibroblasts) of Chinese hamsters (Cricetulus griseus). This cell line is characterised by fast growth and stable karyotype (13) . The cells were incubated with Dulbecco's modified Eagle's medium in 25 ml cell culture bottles at a temperature of 37˚C and in an atmosphere of 5% CO 2 with 95% relative humidity. Directly before cultivation, 0.584 g L-glutamine, 10 units penicillin, 10 μg streptomycin, 25 pg amphotericin B and fetal calf serum in an end concentration of 10% to the culturing medium (Sigma, Deisenhofen, Germany) were added. Determination of the plating efficiency index was made in the logarithmic growth phase of the initial cell culture. After trypsinating and washing, the viability of the cells was determined using trypan blue staining (not <80%). At the next step, the cells were seeded at a low density of ~100 cells per culture bottle to prevent cell-to-cell contacts. After cell adhesion (~2-3 h), 1 ml of saliva specimen was added to the solution. In a parallel test, distilled water served as a negative control. Cultures with both the saliva and the negative controls were incubated for 7-10 days. Due to the size and morphology of the cell colonies, the culture medium was decanted and the cells fixed with methano-acetic acid solution (3:1). Before being manually counted, the cells were stained with Giemsa (2%) for 30 min. A reduction in cell colonies (plating efficiency) of at least 50% in the saliva testing compared to the concurrent negative control was defined as strong cytotoxicity. A slight reduction of ~20-50% in the growing colonies was determined to be only moderate cytotoxicity. The test battery was repeated three times to get reproducible results.
Statistical analysis. The SPSS software pack was used for statistical analysis. First, we compared the plating efficiency index of patients and healthy probands using descriptive methods. Correlations between the plating efficiency index and smoking and drinking habits were analysed using the Mann-Whitney U test. The Bonferroni method was performed to correct for multiple testing. Differences between the biological effects of the saliva specimens from the patients and the healthy probands were tested with the χ 2 test. Individual cancer risk (odds ratio) was predicted in relation to the plating efficiency index and the smoking and drinking habits of the study participants using multiple logistic regression analysis. The overall level of statistical relevance used was 0.05. Table I . Characterisation of study participants concerning age, gender, tumor localisation and smoking habits. Non-smokers 1 53
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Results
The characteristics of the study participants with regard to age, gender, smoking habits and tumor localisation are listed in Table I . In addition, the individual daily tobacco and alcohol consumption of all donors is summarised in Table II. The direct comparison of daily tobacco consumption and the reduction of plating efficiency significantly demonstrates the hazardous biological effects of chronic tobacco abuse. The effects are shown in Fig. 1 . Table III shows the detailed results of the statistical analysis of differences between study participants with different smoking habits.
In contrast to the influence of smoking habits on the biological effects of saliva, we found only a moderate increase in the cytotoxicity of the tested saliva samples in correlation to the daily alcohol uptake. This slight tendency is shown in Fig. 2 Table III . Table III . P-values to prove the different biological effects (i.e. cytotoxicity) as measured by the plating efficiency of tested saliva samples in correlation to individual tobacco consumption. Furthermore, we found increased cytotoxic effects in the saliva specimens of patients with carcinomas of the upper aerodigestive tract. The results are shown in Fig. 3 . Due to the afore-mentioned cut-off points for defining plating efficiency of strong and moderate cytotoxicity, the difference between tumor patients and healthy probands was highly significant (χ 2 test; p=0.001). With regard to the aim of our study, we evaluated the plating efficiency biomarker as a tool for secondary prevention. Using logistic regression analysis, we estimated the relative cancer risk (odds ratio) of people with cytotoxic saliva to be 3.6 times higher than that of those without cytotoxic saliva (adjusted by tobacco consumption) (p<0.001).
Discussion
In the future, the incidence of SCC of the upper aerodigestive tract is likely to increase worldwide. This trend is already observable in many countries in Europe and North America (2,3). Possible causes include changing lifestyle factors and exposure to and uptake of mutagenic substances. However, the import of different risk factors cannot be determined for individual human beings. Therefore, the identification and validation of biomarkers associated with the process of carcinogenesis may act as a potentially helpful tool for identifying individuals with increased cancer risk (14) .
Cytotoxicity as a biomarker. In this study, we investigated the cytotoxic activity of saliva within a biomonitoring program to detect increased cancer risk. It is well known that biochemical or physiological variations in biological systems can lead to morphological reactions depending on the potency and duration of the influence (15) . Hence, cytotoxic properties, in addition to the low-dose and long-term biological effects of exogenous noxious stimuli, should be measured through the identification of irreversible damage to different cellular components. Cumulative cytotoxic effects can cause malfunctions in the DNA repair system and changes in immunocompetence, and may directly incite genotoxic and carcinogenic reactions in tissues (16, 17) .
Moreover, the death of tissue cells resulting from cytotoxicity leads to inflammation and hyperproliferation. The increase of the mitotic index favors the occurrence of persistent mutations in specific genomic locations -which are important for the regulation of the cell cycle (tumor suppressor genes and/or proto-oncogenes) -and may support carcinogenesis. This carcinogenic mechanism has been described in relation to non-genotoxic substances (e.g. saccharine) (18, 19) . In summary, we can conclude that parameter 'cytotoxicity' characterises the biological tolerance of an organism to environmental exposure (20) and may also refer to increased carcinogenic activity.
It is generally agreed that the consumption of tobacco is the main risk factor for head and neck squamous cell carcinoma (HNSCC), and that this is due to its associated mutagenicity and cytotoxicity (15) . A number of well-established methods exist to measure cytotoxic activity in biological samples using permanent cell cultures. Cytotoxicity, which is potentially based on genotoxic mechanisms, usually becomes effective after a time lag.
The measurement of the plating efficiency index in mammalian cell cultures takes these delayed effects into consideration. The chosen incubation time (7-10 days) of the cultured cells takes into account that they are able to repair acute damage via regenerative and adaptive mechanisms.
Relevance of saliva screening. The ease of sampling and handling the saliva of large populations has led to the question of whether saliva specimens can be usefully integrated into biological monitoring programs. Until now, saliva has been used very successfully for the chemical analysis of organic and inorganic substances (21). Etter et al measured increased cotinin concentrations in the saliva samples of smokers and passive smokers (22) . The saliva of betel nut and tobaccochewing probands induced chromosomal alterations in mammalian cell cultures (23) . Nevertheless, no previous study has evaluated the systemic cytotoxic potential of saliva specimens from healthy probands and patients with HNSCC.
The results of the examination of the 174 probands indicated a significant increase in the cytotoxic activity of the saliva specimens of smokers in comparison to non-smokers (Fig. 1) . This finding must be interpreted as a systemic effect as the examined probands had smoked their last cigarette at least 12 h before the saliva sampling and had also performed their daily oral hygiene before the sampling period. Hence, the cytotoxic agents must have been secreted by the salivary glands. Interestingly, the results exhibited a significant difference in the cytotoxicity of lifelong non-smokers and former smokers, again providing evidence to support the presence of systemic effects. This fact suggests a persistent modified chemical composition of the saliva of former smokers. There are two conceivable reasons for this. First, lipophilic cytotoxic agents from inhaled tobacco smoke remain in the deep body compartment and are released over a long period of time in low-dose concentrations. The biological effects of these released substances, which are secreted within the saliva for years, were measured in our study. Second, this correlation may be due to a recall bias phenomenon. The chemical analysis of the saliva of former smokers is necessary if this question is to be answered. Despite the well-known function of alcoholic beverages as co-carcinogenic factors, we showed only a slight, statistically insignificant tendency of plating efficiency in relation to alcohol consumption (Fig. 2) . A variety of reasons may be behind this unexpected result. Analogous to our former findings, it could be partly explained by a possible understatement of individual alcohol consumption by tumor patients in the interview (recall bias). Otherwise, the significant toxicological characteristics of tobacco components had a direct effect on cytotoxicity in comparison to the minor effect had by alcohol. Additionally, ethanol and acetaldehyde (the main degradation products), are quickly metabolised, depending on individual alcohol dehydrogenase activity, so only very recent alcohol consumption was detected using this method. Another unknown variable was the degree of bacterial colonisation in the oral cavity and gastrointestinal tract, which can directly influence the oxidation rate of ethanol (24) .
Going back to the main focus of our study, we have evaluated the use of the plating efficiency index as a biomarker for future screening programs through its capacity to indicate increased individual cancer risk in the upper aerodigestive tract. Using logistic regression analysis, we found a 3.6-fold increased cancer risk in probands with cytotoxic saliva (Fig. 3) .
Based on our results, the plating efficiency index can be used as a biomarker for exposure and effect, while also partly providing information on individual susceptibility (25) . Hence, the advantages of in vitro biological testing of saliva lie in its detection of additional mutagenic effects caused by a multitude of specific substances with unknown toxicological thresholds, particularly in low-dose concentrations. Furthermore, the chemical composition of potentially mutagenic saliva is dependent on toxification and detoxification metabolic pathways that are influenced by different polymorphisms (8, 9) . To what extent in vitro tests, like the plating efficiency index, illustrate carcinogenic phenomena in vivo remains controversial (26) . However, it is beyond controversy that such in vitro techniques can help in understanding the stepwise malignant transformation of healthy tissue.
The combination of classical epidemiology with modern biological methods (so-called molecular epidemiology) will help in the detection of unknown cancer risk factors and may contribute to preventative measures against upper aerodigestive tract malignancies. This is important because, in the last decade, multimodal therapies have not significantly improved the survival rates of patients with head and neck cancer. In addition, current therapies are often mutilating and can permanently diminish the quality of life.
According to our results, the plating efficiency index is a suitable method for the detection of increased cancer risk. In combination with several effective biomarkers at cytogenetic end-points, it may help to establish biomonitoring programs for secondary cancer prevention (27) . However, the plating efficiency index does not specify when or whether any malignant change will occur. Biomonitoring cannot replace medical examination and the histopathological diagnosis of suspect lesions. Nonetheless, it could become fundamental to the prevention of those cancers that are strongly influenced by exposure to environmental mutagens and endogenous risk factors (28) (29) (30) .
